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「 香 港 文 字 記 憶 學 習 測 試 」 用 於 鑑 定 
病 人 有 顳 葉 損 傷 的 臨 床 效 度 
摘 要 
「 香 港 文 字 記 憶 學 習 測 試 」 （ H o n g K o n g L i s t L e a m i n g T e s t ) ( 文 字 測 
試 ） 是 一 項 新 發 展 的 中 文 記 憶 測 試 ， 並 專 用 於 評 估 學 習 
文 字 資 料 的 過 程 和 組 織 策 略 。 此 項 「 文 字 測 試 」 由 兩 組 不 
同 的 十 六 個 中 文 雙 字 詞 語 系 列 所 組 成 ， 其 中 一 組 名 為 ： 
、、隨意狀態 " ( r a n d o m c o n d i t i o n ) , 另一組則為、、組群狀態“ ( b l o c k e d 
c o n d i t i o n ) 。 兩 組 詞 語 系 列 均 施 用 於 測 試 二 十 五 名 經 磁 力 
共震（ M W ) l i 實 有 兩 邊 顯 葉 損 傷 （ b i l a t e r a l temporal lobe lesions)的 
鼻 咽 癌 病 人 及 二 十 五 名 相 等 的 對 照 者 （ n o r m a l c o n t r o l s ) 。 「 接 
收 者 操 作 特 性 分 析 」 ( r e c e i v e r operating characteristics analys is)及「鏗別 
分析」（ 4丨 3 0 ^ « 1丨 0 & 1 1 1 & ^ 1 3 1乂 3丨 3 )運用於評審這項「文字測試」的整 
體 表 現 ° 研 究 結 果 顯 示 這 「 文 字 測 試 」 是 一 項 高 度 可 靠 而 
有 效 的 工 具 以 鏗 定 病 人 有 顳 葉 失 憶 症 。 
「 接 收 者 操 作 特 性 分 析 」 數 據 顯 示 \ \ 隨 意 狀 態 〃 中 所 計 
算 出 最 佳 的 畫 | ] 界 得 分 （ o p t i m a l cutoff score),在‘‘總學習’’（total 
l e a m i n g )是< 17，“總延遲回憶”（协13136&乂6(1比。狂11)是< 1 0 ，和“辨正 
律，’（4丨50^01丨皿{丨00 300比）是S62.50% ；於、、組群狀態 "中貝丨丨在“總學 
習’’是£ 19 , “ 總 延 遲 回 憶 ’ ’ 是 S 15，‘‘辨正律”是< 62. 50 %，和‘‘總 
提 示 回 憶 ” （ t o t a l c u e d r e c a l l ) 是 < 2 5 。 本 研 究 建 議 可 使 用 這 些 最 
佳 的 劃 界 得 分 ， 作 為 鑑 定 病 人 有 兩 邊 顯 葉 損 傷 引 致 記 
憶 力 失 缺 的 診 斷 用 途 。 再 者 ， 「 鑑 別 分 析 」 証 實 這 項 「 文 
字 測 試 」 在 、 \ 組 群 狀 態 〃 中 有 9 2 % 及 \ \ 隨 意 狀 態 〃 中 有 7 8 % 的 
總 參 與 者 ， 分 別 能 被 鑑 辦 為 病 人 和 對 照 者 的 所 屬 組 別 
身 份 ° 本 研 究 的 結 論 是 \ \ 组 群 狀 態 〃 的 整 體 表 現 較 \ 、 隨 意 
狀 態 〃 為 佳 。 然 而 ， 兩 組 狀 態 均 獲 建 議 同 時 施 用 於 臨 床 
診 斷 中 ， 以 便 增 加 這 項 「 文 字 測 試 」 的 臨 床 效 用 。 
Abstract 
The Hong Kong List Learning Test (HKLLT) is a newly developed Chinese memory 
test designed for the assessment of the processes and organizational strategies 
involved in learning verbal information. The test consists of two different 16 two-
character Chinese word-lists, namely the random and blocked conditions. Both 
conditions ofthe word-list were administered to 25 nasopharyngeal carcinoma fNPC) 
patients with M R I proven bilateral temporal lobe lesions and 25 matched normal 
controls. Receiver operating characteristics (ROC) analysis and discriminant analysis 
j 
I were performed to examine the test performance of the HKLLT. Results indicated 
1 
that the HKLLT was a highly valid and reliable instrument for identifying patients 
with temporal lobe amnesia. Findings o fROC analysis revealed that the optimal 
:i • 
i cutoff scores of scales and subscales of the HKLLT were as follows: total learning < 
丨； — 
17, total delayed recall < 10, and discrimination score < 62.50 % in the random 
f： 
;i 
j condition; and total learning < 19, total delayed recall < 15, discrimination score < 
I 62.50 %, and total cued recall < 25 in the blocked condition. It was proposed that 
r； 
^ 
I these optimal cutoff scores could be used for diagnostic purposes in identifying the 
i memory impairments of patients with temporal lobe lesions. In addition, results of 
ii 
i discriminant analysis indicated that the overall levels of correct classification for 
( 




I were 92% in the blocked condition and 78% in the random condition, respectively. It 
5 ^ 
I was concluded that the blocked condition of the HKLLT rather than the random one 
5 
5 
1 had overall better performances. Nonetheless, both conditions ofthe test were 
\ I 丨 
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Numerous studies have shown that damage to mesial temporal lobes results in 
persistent anterograde amnesia, particularly the impairment of episodic memory 
(Milner, 1972; Rempel-Clower, Zola, Squire, & Amaral, 1996; Scoville & Milner, 
1957; Squire, 1992; Squire & Zola-Morgan, 1991; Zola-Morgan, Squire, & Amaral, 
1986). Within Tulving's scheme (1972，1983, 1985), episodic memory refers to 
memory for events distinct in time and space. According to the information 
processing model (Delis, Kramer, Kaplan, & Ober, 1987), impairments in episodic 
memory resulting from mesial temporal lobe lesions are characterized by the 
inefficient acquisition or encoding o fnew information (Hirst, 1982; Milner, 1970), 
poor retention or rapid forgetting of the acquired information (Huppert & Piercy% 
1 1979; Squire, 1981),and poor recognition of the information encountered previously 
(Reed & Squire, 1997). A list learning task is widely considered as an episodic 
i memory task primarily for evaluating an individual's ability to leam new information 
(Delis et al., 1987; Rey, 1964). 
Mesial temporal lobe and its sequel of damages 
Anatomically, the important structures within the mesial temporal lobe are the 
hippocampus and adjacent related cortex (i.e., entorhinal, perirhinal, and 
parahippocampal cortices) (Appendix I) (Squire & Zola-Morgan, 1991). 
10 
Functionally, empirical studies identify three key features o f mesial temporal lobe 
i 
j lesions. First, damage to these structures is sufficient to cause severe 
\ 
\ 
！ memory impairment which is global and multimodal (e.g., objects, words, odor, or 
^ 
designs); and regardless of the sensory modality (i.e., verbal or nonverbal) in which 
\：. 
I： 
information is presented (Corkin, 1984; Milner, 1968). Second, mesial temporal lobe 
[ 
I lesions spare short-term memory while impairing long-term memory (Baddeley & 
Warrington, 1970; Cave & Squire, 1992). Third, mesial temporal lobe lesions 
produce marked anterograde memory impairments and profound temporally graded 
retrograde memory deficits (Milner, 1972; Nyberg, Mclntosh, Houle, Nilsson, & 
Tulving, 1996; Rempel-Clower, Zola, Squire, & Amaral，1996; Squire & Zola-
Morgan, 1991; Zola-Morgan, Squire, & Amaral, 1986). 
Mesial temporal lobe pathologies 
It has been wel l known that mesial temporal lobe lesions may result from many 
forms ofbrain insult, including temporal lobectomy (Scoville, 1954; Scoville, 1968; 
Scoville & Milner, 1957), cerebral ischaemia (Cummings, Tomiyasu, Read, & 
Benson, 1984; Volpe & Hirst, 1983; Woods, Schoene & Kneisley, 1982; Zola-
Morgan, Squire, & Amaral, 1986), anoxia (Zola-Morgan, Squire, Amaral, & Suzuki, 
1989), herpes simplex encephalitis (Eslinger, Damasio, Damasio, & Butters, 1993), 
Alzheimer's disease (Braak & Braak, 1991)，and patients with temporal lobe lesions 
after radiotherapy for their nasopharyngeal carcinoma (Lee et al., 1988). 
2 
NPC patients with bte temporal lobe necrosis aftgr radiotherapy 
1 Patients with temporal lobe lesions (TLL) after radiotherapy for their 
nasopharyngeal carcinoma (NPC) were chosen for the present study. Temporal lobe 
lesions after radiotherapy for patients with NPC is regarded as a complication 
leading to late temporal lobe necrosis (TLN) (Chong & Fan, 1997; Chong, Fan, & 
Chan, 1997; Lee, 1991; Lee et al., 1988; Lee et al., 1998; Poon & Lau, 1997; Woo, 
Kam, Yu, Lee, & Huang, 1987). It is evidenced in both clinical and research reports 「 丨 
I that impairment of episodic memory is the most common cognitive sequel 
consistently found in patients with late T L N after radiotherapy for their NPC 
(Bederson, Harsh, Walker, & Wilson, 1990; Hua, Chen, Tang, & Leung, 1998; Lee et 
al., 1990; Lee, Hung, Woo, Tai, & Choi, 1989; Parkin & Hunkin, 1991; Woo et al., 
1988). 
Radiotherapy is the most common treatment for NPC. Patients are irradiated 
with the standard technique, which consists of two lateral-opposed facial fields 
supplemented by an anterior field (Appendix II) (Tsao, 1991). Given that the inferior 
and mesial portions ofboth temporal lobes lie directly within the high dose volume 
ofradiation for NPC, asymmetrical or nonsynchronous bilateral T L N other than 
unilateral TLN is ultimately manifested (Lee et al., 1988). 
Lee et al. (1992) reported a 3 % cumulative incidence oflate TLN in a series of 
4527 patients who were due to delayed radiation injury with latent interval ranged 
from 1.5 to 13 years (median: 5 Years). In Lee et aL's (1988) study, however, 39 % 
1 of 102 NPC patients with late TLN only had vague symptoms oftemporal lobe 




patients were asymptomatic. Therefore, it may be underdiagnosed because the 
majority of these patients may only have minimal symptoms (Lee et aL, 1989; Lee et 
al., 1988; Lee et al., 1992) and have limited opportunities in gaining access to an 
appropriate neuropsychological examination of cognitive function (Lee et al., 1989). 
Memory assessment instruments and the Hong Kong List Learning Test 
Although a few clinical reports o fNPC patients with temporal lobe lesions 
I following radionecrosis have been published (Bederson et al., 1990; Hua et al., 1998; 
1 Parkin & Hunkin, 1991; Woo et al., 1988), assessment instruments (e.g., Min i Mental 
I 
I 
I State Examination, Wechsler Memory Scale, and Wechsler Adult Intelligence Scale-
Revised) employed in these studies generally less emphasized in examining the 
nature of deficits in relation to the underlying mechanisms on learning and memory, 
I 
as those tests mainly quantify the degree of a memory deficit in a single overall 
score. 
List learning tasks, such as the Rey Auditory Verbal Learning Test (RAVLT; 
Rey, 1964) and California Verbal Learning Test (CVLT; Delis et al., 1987), are two 
i ofthe most frequently used tests in both quantitative and qualitative analysis of 
i 
verbal learning and memory. However, these instruments like those employed in the 
previously studies ofNPC patients with TLN after radiotherapy may not fully meet 
I 
I the clinical need ofChinese settings because they were designed and standardized on 
i • j 
the basis ofwestem culture. In order to detect memory deficits quantitatively and 
:: qualitatively for the Chinese patients with temporal lobe lesions, to examine and 
i 
； 4 
recommend a valid and reliable memory test as a clinical instrument indigenous to 
Hong Kong deserves our research attention. 
Characteristics of the Hong Kong List Leaming Test 
The Hong Kong List Learning Test (HKLLT; Chan & Kwok, 1999) is a newly 
developed Chinese memory test designed for the assessment of the processes and 
organizational strategies involved in leaming verbal information. As a new clinical 
instrument in Hong Kong, it is standardized on 388 male and female Chinese aged 7 
to 95. Its uti l i ty has been demonstrated in the studies of children, young adults, old 
adults and psychiatric patients. The general format of the HKLLT was modeled after 
the CVLT, which has been widely recognized as a very sensitive and valid clinical 
tool in assessing verbal leaming and memory in clinical settings (Bondi et al., 1994; 
Buytenhuijus et al., 1994; Delis, Massman, Butters, & Salmon, 1991; Kareken, 
iMoberg, & Gur, 1996; Kessler, Cohen, Lauer, & Kausch, 1992; Kohler, 1994; 
Kramer, Levin, Brandt，& Delis, 1989; Otto et al., 1994; Paulsen et al., 1995; Peavy 
etal.,1994). 
The HKLLT is a more sensitive measure in clinical evaluation because it 
employs the concepts of semantic organization, which is generally regarded as an 
effective strategy in leaming and memory (Bower, 1972; Mandler, 1967; Moely, 
I 1977; Wood, 1972). A number of studies on the effect of semantic organization 
I suggest that encoding a list of words in a semantically organized fashion (i.e., 
blocked presentation) can facilitate verbal memory of some groups of neurological 
! patients, including Parkinson's disease (Hart, Colenda, Dougherty, & Wade, 1992); 
10 
severe closed-head injury (Levin & Goldstein, 1986) and patients with psychiatric 
disorders such as schizophrenia (Gold, Randolph, Carpenter, Goldberg, & 
Weinberger, 1992) and depression (Weingartner, Cohen, Murphy, Martello, & Gerdt, 
1981), but not that of the demented patients (Weingartner et al., 1981) and patients 
with frontal lobe damage (Eslinger & Grattan, 1994). 
Accordingly, the HKLLT consists of two different 16 two-character Chinese 
word-lists, namely the random and blocked conditions. Incorporating the blocked 
condition with the random condition may potentially increase the clinical sensitivity 
and utilization of the list-leaming test in differentiating cognitive deficits associated 
with various neuropsychological or psychiatric pathologies. Moreover, it may also 
potentially provide significant clinical information for evaluating the effectiveness of 
the external organizational cues (i.e., words in blocked presentation) as a memory 
intervention by comparing an individual's performance on both the random and 








A growing number of researchers in the clinical setting have examined the test 
I performance of neuropsychological instruments through the use ofreceiver operating 
characteristics (ROC) analysis. The ROC analysis is an evaluation technique that i 
j-
I quantifies the accuracy of a diagnostic instrument and can be used to compare test 
f, 
i.. 








ROC curves (Metz, 1978; Swets, 1988). To assess the test performance over the 
whole range, the ROC curves provide graphic representations of the trade-off 
between true-positive (sensitivity) and false-positive (1- specificity) rates for 
discriminating the patients from healthy individuals (Murphy et al., 1987; 
Swets,1988). 
The recent util ity of ROC analysis to evaluate the accuracy of screening and 
diagnostic tests in detecting various clinical populations, such as dementia (Buschke 
et aL，1999; Heun, Papassotiropoulos, & Jennssen, 1998; Jagger, Clarke, & Anderson， 
1992; Kukul l et aL, 1994; Papassotiropoulos, Heun, & Maier, 1999; Ritchie & Fuhrer, 
1992), neurological and psychiatric patients (Engelhart, Eisenstein, & Meininger, 
1994), and epilepsy surgery candidates (Barr, 1997)，has been well documented. 
Purpose of the present study 
At the present time, this is the first study to examine the clinical validity and 
reliability ofthe HKLLT in identifying patients with temporal lobe lesions. Moreover, 
it is time to compare the diagnostic performance of the test between its random and 
blocked conditions. Hence, the prime purpose of this study was to evaluate the 
clinical validity and reliability of the HKLLT as a Chinese memory test for 
identifying memory impairments of patients with temporal lobe lesions. By 
employing the ROC analysis, the diagnostic performance ofthe random and blocked 
conditions ofthe test would be analyzed and compared. Moreover, the sensitivity and 
specificity values for the optimal cutoff scores with reference to the leaming and 
memory index of the HKLLT for identifying memory impairments ofthe patients 
10 
with TLL would also be explored and proposed for clinical use. While the memory 
profile of mesial temporal lobe lesions is relatively well documented, very little is 
known about that of the NPC patients who have manifested temporal lobe 
radionecrosis and evidence ofhaving the impairment of episodic memory (Bederson 
et al., 1990; Hua et al., 1998; Lee et al., 1990; Lee et al., 1989; Parkin & Hunkin, 
1991; Woo et al., 1988). Moreover, the underlying nature of memory impairment of 
NPC patients with TLL has not yet been explored. Therefore, based upon the 
encoding, retention, and retrieval processes of the information processing model 
(Delis et aL, 1987), another purpose of the present study was to examine the learning 
and memory profiles o fNPC patients with M R I proven bilateral temporal lobe 
lesions. 
10 
C H A P T E R T W O 
M E T H O D 
Participants 
A total of 50 participants on a voluntary basis were recruited for this study. A l l 
participants were Hong Kong residents and native Chinese speakers. Twenty-five 
NPC patients were referred from the combined neurology-oncology clinic of the 
Department of Clinical Oncology, Queen Elizabeth Hospital (QEH). Twenty-five 
normal control participants were volunteers recruited either through spouses of 
patients or public advertisement. 
In the patient group, all participants had received a complete course of 
radiotherapy for NPC and attended regular follow-ups in the clinic. They were 
referred by the medical doctors at the clinic for the present study according to the 
following criteria: (1) aged between 30 and 75, (2) M R I proven bilateral temporal 
lobe lesions, (3) T-staging: exclude T4, (4) received either one or two courses of 
radiotherapy in QEH without concomitant chemotherapy, (5) in complete remission 
with no evidence ofdisease clinically, endosocopically or radiologically, (6) no 
history ofstroke, (7) auditory and visual functioning fit enough for testing. In 
addition, none ofthe participants from both patient and control groups reported a 
premorbid history of any neurological or psychiatric problems. 
In order to exclude those demented or mentally retarded individuals from the 





































































































































































































































































































































Mental State Examination (CMMSE) higher than 20 (cutoff point proposed by Chiu, 
Lee, Chung, & Kwong, 1994) and their prorated Ful l Scale IQ (FSIQ) scores on the 
Cantonese version of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) 
higher than 70 were selected. 
Demographic characteristics o f the two study groups are provided in Table 1. 
Two samples o f participants were matched at the group level for age, education, 
MMSE and WAIS-R. No significant difference between NPC patient and normal 
control groups was detected in terms of age, years o f education, and M M S E scores. 
However, the mean scores on the prorated FSIQ (WAIS-R) o f the NPC patients (88.5, 
SD = 10.4) and normal controls (97.3, SD = 13.6) were significantly different [/(46) 
二 2.5,p < 0.05]. When comparisons were made between their respective age-based 
groups, i.e., a) young adults (n = 4), 41-50; b) older adults ( n = 9), 51-60; and c) 
elderly (n= 10), 61-70, there was no significant difference between patients and 
normal control groups. In the all age group (n = 25’ 34-72), there were two patients 
with one of the minimum age, 34 and another o f the maximum age, 72. 
Materials 
A l l participants were administered both the random and blocked 
conditions of the HKLLT. Each condition consisted of 16 two-character Chinese 
words. In the random condition, it is comprised of four items from each of the 
following four categories: furniture, vegetable, relative and country. The first two 
categories were relatively concrete, while the latter two were more abstract. For 
10 
instance, in the category o f f u r n i t u r e , the four items were desk, mirror, wardrobe, and 
lamp. In this condition, the 16 words were randomly organized in a way that no two 
items of the same category were presented consecutively (Appendix II I) . 
In the blocked condition, 16 words were from another four categories as follows: 
clothing,flower, music, and occupation. Once more, the categories were composed 
of concrete objects (i.e., clothing and flower) and relatively abstract ones (i.e., music 
and occupation). In this condition, the words were semantically organized in clusters 
so that a sequence of four items from the same category was presented consecutively. 
Particularly in this blocked condition, there was a cued recall task. Three cued-recall 
trials were added immediately after the third learning trial, the 10-minute and the 30-
minute delayed recall trials respectively. Participants were cued wi th the names of 
each category to recall the words for the four specific categories (Appendix IV). 
Both the random and blocked conditions included their own recognition tasks 
respectively. Similar to each other, there were 32 items for recognition in each 
condition, which consisted of 16 target items (i.e., previously presented in the 
immediate recall tasks) interspersed among another 16 distracters. Distracters could 
either be the same category wi th the target items (e.g., uncle related to the category 
ofrelative in the random condition, while nurse related to the category ofoccupation 
in the blocked condition) or totally unrelated to any category of the target items (e.g., 
l ion in the random condition and diamond in the blocked condition) (Appendices I I I 
& IV). Detailed description and the development of the HKLLT were documented in 
the test manual (Chan & Kwok, 1999). 
10 
• 
It has been reported that most of the scores on the Wechsler Memory Scale-
Revised (WMS-R; Wechsler, 1987) and the CVLT were highly correlated (Delis, 
Cullum, Butters, & Caims, 1988) suggesting a high degree of convergence between 
the two tests in providing estimates of memory function. Hence, the Chinese version 
of Logical Memory as a measure of verbal learning and memory was also used to 
correlate with the HKLLT so as to determine the convergent validity of the latter. The 
Chinese version of Logical Memory is based on the Logical Memory of the WMS-R. 
It consists of two short Chinese stories nearly equivalent in difficulty to that of the 
original English version of the WMS-R. The Logical Memory I is the immediate-
recall trial of each story. The Logical Memory I I is the delayed-recall trial of Logical 
Memory I, administered 30 minutes after the first presentation of the stories. Unlike 
the original WMS-R, a recognition task of the two stories (each story with 10 
questions and each question with 5 options) was incorporated into the Chinese 
version ofLogical Memory I and II. 
Procedure 
Al l participants were administered the HKLLT and the Chinese version of 
Logical Memory by clinical psychologist trainees or trained research assistants as 
part ofalarger set of neuropsychological tests. Standard administration procedures of 
the HKLLT were adopted entirely from the manual (Chan & Kwok, 1999). A l l 
participants were individually administered the random and blocked conditions ofthe 
test in two separate sessions. 
10 
The random condition o f the test was administered in the first session. In this 
condition, 16 randomly arranged words o f the list were read to the participants for 
three times. Each time the participants were requested to recall the words 
immediately in any order and as many as possible. Without prior notice, the 
participants were required to recall the list o f words after 10 minutes (short delay) 
and 30 minutes (long delay) respectively. Followed instantly wi th a recognition task, 
the participants were instructed to identify the 16 target words presented previously 
among another 16 distracters. 
In the second session, the blocked condition o f the test was conducted wi th a 
similar procedure as that of the random condition. As an exception, participants were 
informed of the number of items, the name o f the four categories (i.e., clothing, 
music,fIower, and occupation) o f the words and the order o f their presentation before 
the first leaming trial. Before each o f the three cued recall trials, moreover, 
participants were told the names of category in advance but not re-read the 16-word 
list. 
In the same session, the Chinese version of Logical Memory I and I I was 
presented through recorded tape. Participants were required to remember 2 Chinese 
stories and to recall the ideas of each story immediately (i.e., Logical Memory I) and 
after 30 minutes (i.e., Logical Memory II). After the delayed-recall trial ofeach story, 
a recognition task was administered to the participants who had to choose one answer 
out of the five options for each question. 
10 
Statistical analysis 
For memory profiles 
To assess the memory profiles o f the NPC patients wi th bilateral temporal 
lobe lesions, the repeated measures A N O V A and /-tests were used as appropriate for 
comparing the test scores wi th in and between participant groups. 
For test performances and optimal cutoffscores 
Test performance o f the HKLLT and estimation o f the optimal cutoff score 
were examined by using receiver operating characteristics (ROC) analysis. The area 
under the ROC curve (AUC) was an indicator o f overall test performance that was 
calculated by considering sensitivity and specificity pairs for every possible cutoff o f 
a test. The AUC and its standard error were calculated according to the trapezoidal 
non-parametric method (Hanley & McNeil , 1982). A value o f 0.5 (which 
corresponds to the A U C of the diagonal) for the A U C indicates that the examined 
instrument does not discriminate between patients and normal controls, whereas a 
value for A U C close to 1.0 suggests perfect discrimination. On the graph, the further 
upward and to the left o f the curve implies the better the performance of the 
instrument. In the present study, comparisons o f R O C curves were considered as 
descriptive, as we could not formulate specific a priori hypothesis wi th respect to the 
differences ofspecific scales and conditions. Since the 95% confidence interval is the 
most common level to be applied in epidemiology (Heun et al., 1998), the 95 % 
confidence intervals for AUCs were calculated using the z-statistics under the 
10 
assumption that areas under the ROC curves (AUCs) were normally distributed. 
Significant difference was assumed i f the AUC of a scale lay outside the 95% 
confidence interval of another scale (Hanley & McNeil, 1983). 
It was assumed, in this study, that the consequences of false positive and false 
negative misclassiflcations were equal. Thus, the resulting ROC curve was used for 
estimation of the optimal cutoff score which was defined as the point on the ROC 
curve where the sum of the corresponding sensitivity and specificity pair reached a 
maximum (Kraemer, 1988; Hanley & McNeil, 1982). In case there was more than 
one optimal cutoff score of a scale or subscale, the one with greater specificity would 
be chosen because the test is used as a diagnostic instrument for identifying the 
memory impairments of patients (Heun et aL, 1998). 
In calculating the rates of sensitivity and specificity, i f a participant's score fell 
below an optimal cutoff, it was considered "positive". A patient with NPC in this 
study was also considered "positive" and a normal control was "negative." Thus, the 
true positive (sensitivity) rate referred to the proportion o fNPC patients whose 
scores fell below an optimal cutoff. A true negative (specificity) rate was the 
proportion of normal controls whose score fell above the optimal cutoff. 
The reliability of the HKLLT was assessed by the internal consistency of the 
test with Cronbach's alpha. To examine the ability of the test as a whole to 
discriminate between NPC patients and normal controls in their respective group 
memberships, discriminant analysis was performed to evaluate the linear 
10 
combinations of the scales and subscales o f the HKLLT (i.e., predictors) that were 
formed and served as the basis for classifying cases into one of the groups (i.e., 
patient group or normal control group). Pearson correlations were computed for the 
combined sample of the patient and normal control groups to evaluate the convergent 
validity of the HKLLT with the Chinese version of Logical Memory. 
17 
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CHAPTER T H R E E 
RESULTS 
Data analysis was divided into three parts. In the first part, based upon the 
scoring procedure provided in the HKLLT manual (Chan & Kwok, 1999), memory 
profiles of the NPC patients in comparison with the normal controls was analyzed. In 
the second part, the ROC analysis was employed to compare the diagnostic 
performance of the random and blocked conditions of the test. Moreover, the 
sensitivity and specificity values for the optimal cutoff scores with reference to the 
learning and memory scales and subscales of the test were explored for clinical use. 
In the third part, discriminant and convergent validity of the test in identifying 
patients with temporal lobe lesions and internal consistency of the test were analyzed 
and compared between the random and blocked conditions. 
Memory profiles o fNPC patients wi th bilateral temporal lobe lesions 
Acquisition 
Random condition. To examine the total number of immediate recalls across 
the three learning trials, a group QS[PC, NC) x trial (Trial 1, 2, and 3) repeated 
measures ANOVA was conducted. The main effects ofgroup [F(1, 8) = 3 0 A 5 p < 
0.001] and trial [F(2, 96) = 77.37,p < 0.01] were significant, but the group x trial 
interaction was not [F (2, 96) = 1.30, n.s.]. The main effect of group was then 
10 
analyzed by a post hoc Mest wi th significant level at O.OOl.The results showed that 
NPC patients learned significantly fewer words than the normal controls. Another 
post hoc Mest on the main effect o f trial revealed that both NPC patients and normal 
control groups learned more words on the second trial than the first trial and leamed 
more words on the third trial than the second one (Table 2). 
Blocked condition. Results of a group x trial repeated measures ANOVA 
indicated that the main effects ofgroup [F(1, 48) =48.28,;? < 0.001] and trial [F(2, 
96) = 168.26,j^ < 0.001] were significant, whereas the interaction effect o f group x 
trial was not significant [F(2, 96) = 1.79, n.s.]. Similar to the results of the random 
condition, post hoc /-tests suggested that NPC leamed significantly fewer words than 
the normal controls. Moreover, all participants performed best on the third trial, and 
their performance on the second trial was better than that of the first one (Table 3). 
As a whole, the analyses of the total number of immediate recalls across the 
three learning trials in both the random and blocked conditions demonstrate that NPC 
patients learn fewer words than the normal controls，regardless o f the random or 
organized presentation of the word-list (Figure 1). However, although NPC patients 
cannot leam as much information as the normal controls, their performance can be 
improved significantly with practice. 
Retention 
Random condition. To examine the number of words recalled after a delay, a 
group OJPC, NC) X delay (10-minute, 30-minute) repeated measures ANOVA was 
10 
Table 2. Means and Standard Deviations o f Scales and Subscales in the Random 
Condition for the NPC Patient and Normal Control Groups 
Random Condition 
NTC ^ 
Scales / Subscales M ^ M SD 
Immediate Recall Task 
Trial 1 ‘ 3.00 1.55 5.84 2.19 
Trial 2 ‘ 5.64 1.96 8.64 2.48 
Trial 3 ‘ 6.56 2.96 10.40 3.28 
Totallearning^ 15.20 5.61 24.92 6.74 
Delayed Recall Task 
Short delay recall ‘ 2.20 2.71 7.88 4.09 
Long delay recall ‘ 2.16 2.75 7.68 3.78 
Totaldelayedrecall^ 4.36 5.26 15.56 7.67 
Recognition Task 
Discrimination score (%) ' 45.75 26.06 80.75 17.94 
Recall Errors 
Intrusion .88 1.01 . 80 1.22 
Perseveration .60 1.12 1.08 1.38 
Recognition Krrors 
Semantic-related error . 52 . 82 .20 .65 
Sound-related error 1.12 1.01 .40 .71 
Unrelated error 1.12 1.39 .008 .28 
Learning Strategies 
Semantic clustering (%) 23.79 18.64 28.35 15.78 
Primacy effect (%) 33.61 13.39 29.02 8.53 
Recency effect (%) 28.99 23.01 24.85 9.39 
Concrete memory (%) 48.87 22.43 51.75 10.37 
Abstract memory (%) 48.69 24.10 47.71 9.71 
Note. NPC = Nasopharyngeal Carcinoma; NC = normal control. 




Table 3. Means and Standard Deviations o f Scales and Subscales in the Blocked 
Condition for the NPC Patient and Normal Control Groups 
Blocked Condition 
NTC NC 
Scales / Subscales M ^ M SD 
Immediate Recall Task 
Trial 1 ‘ 2.96 1.46 7.16 3.13 
Trial 2 ‘ 6.12 2.26 11.44 3.24 
Trial 3 ‘ 8.08 3.15 13.12 2.93 
Total learning ^ 16.88 6.26 31.76 8.39 
Delayed Recall Task 
Short delayrecal l ' 3.76 3.36 10.72 3.53 
Long delay recall ‘ 3.68 3.69 10.60 3.06 
Totaldelayedrecall^ 7.44 6.77 21.32 6.25 
Recognition Task 
Discrimination score (%) ^ 51.25 • 20.01 86.50 11.37 
Cued Recall Task 
Immediate cued recall ‘ 6.2 4.13 11.72 3.37 
10-min delay cued recall ^ 4.36 3.59 10.88 3.02 
30-min delay cued recall ‘ 4.00 3.65 10.92 2.81 
Total cuedrecall^ 14.56 10.83 33.52 8.54 
Recall Errors 
Intrusion 1.04 1.21 .80 1.32 
Perseveration . 28 .74 .28 .74 
Recognition Krrnrs 
Semantic-related error 1.36 .99 .36 .57 
Sound-related error 1.36 1.11 .56 .58 
Unrelated error .64 1.11 .12 .33 
Leaming Strategies 
Semantic clustering (%) 48.70 16.14 64.10 15.35 
Primacy effect (%) 38.03 13.82 27.98 5.24 
Recency effect (%) 35.49 13.54 28.00 3.94 
Concrete memory (%) 55.4 12.70 51.51 9.54 
Abstract memory (%) 45.15 12.93 46.49 8.98 
Note. NPC = Nasopharyngeal Carcinoma; NC = normal control. 






































































































































































































































conducted. Results were only significant for the main effect o f group [F(1, 4 8 ) = 
36.29,;? < 0.001], but not for the main effect ofdelay [F (1 , 48) = 0.27, n.s.] and the 
interaction effect o f group x delay [F(2, 96) = 0.12, n.s.]. Separate post hoc 
comparisons on each of the 10-minute and 30-minute delays both found that NPC 
patients recalled significantly fewer words than the normal controls (Table 2). 
To examine the rate o f forgetting after two intervals o f delay between groups, 
two separate /-tests were performed to compare the difference between items recalled 
on leaming trial 3 and 10-minute delay, and on the leaming trial 3 and 30-minute 
delay. Results indicated a significant difference between groups [t (48) = 2.41,;? < 
0.05], suggesting that NPC patients as compared with normal controls forgot more 
acquired information after a 10-minute delay. Furthermore, NPC patients also forgot 
more acquired information than normal controls did after 30 minutes, as there was 
also a significant difference between the NPC patient and normal control groups 
[r(48) = 2.63,p < 0.05] on the difference between items recalled on their leaming 
trial 3 and 30-minute delay (Figure 1). 
Blocked condition. Results of a group x delay repeated measures ANOVA 
revealed that only the main effect of group [F(1, 48) 二 56.73 , P < 0.001] was 
significant, but not the main effect of delay [F(1, 48) = 0.12, n.s.] and the interaction 
effect ofgroup x delay [F(2, 96) = 0.01, n.s.] were not. Same as that of the random 
condition, NPC patients recalled significantly fewer words than normal controls on 
both the 10-minute and 30-minute delays (Table 3). Again, the rate offorgett ing after 
the 10-minute short and 30-minute long delays between the two groups was also 
10 
evaluated by two separate Mests. The results revealed a significant difference 
between groups after a 10-minute delayed recall [,(48) = 3.28,;? < 0.05] and 30-
minute delayed recall[,(48) = 2.55,p < 0.05] (Figure 1). The above findings conclude 
that NPC patients manifested a rapid rate o f forgetting as compared wi th normal 
controls when performing the delayed recall tasks in the random condition, as wel l as 
in the blocked condition even though they were provided wi th the well-clustered 
information. 
Retrieval 
In order to examine whether the relatively poor performance of the NPC 
patients in the recall tasks might be attributed to a retrieval deficit, a group x 
condition repeated measures ANOVA was performed to analyze the discrimination 
score. The results indicated a significant group effect [F(l, 48) = 5.62,/? < 0.001], 
showing that NPC patients identified significantly fewer target words than the 
normal controls. The main effect of condition [F(1, 48) = 3.75, n.s.] and the 
interaction effect of group x condition [F(1, 48) = 0.002, n.s.] were not significant 
(Table 2 & 3, Figure 2). Coupled wi th their performances on the acquisition and 
retention tasks, it suggests that the poor performance of the NPC patients on the 
recognition tasks may be attributed to the impairments in the encoding or retention 
process rather than the retrieval deficit. 
Semantic organization abilities 
The effect ofsemantic organizational strategy on participants' learning was 
analyzed by examining the different number of words recalled on the three trials 
10 
(trial 1, 2, & 3) in the two conditions (e.g., number o f recalls on trial 1 in the blocked 
condition minus that of the trial 1 in the random condition). The group (2) x trial (3) 
repeated measures ANOVA on the difference scores showed significant effects of 
group [F(1, 48) = ini,p < .01] and trial [F(2, 96) = 6.82,p < .01]. The group x trial 
interaction was not significant [F(4, 92) = 1.10, n.s.]. Post hoc 广-tests on the main 
effect of trial and group indicated that the difference scores of trials 3 was 
significantly higher than those of trial 2 and 1, and the mean difference score of the 
NPC patients was significantly lower than those of the normal controls. 
Moreover, one-Sample r-tests indicated that the difference scores of normal 
controls were significantly greater than zero {p < .001) but that o f the NPC patients 
was not. In addition, a ,-test on the difference scores of total leaming revealed 
significant difference between the two groups [/(48) = - 2.88,/> < .01] favoring the 
normal control group. These results suggest that, unlike that of normal controls, the 
learning o fNPC patients cannot be improved significantly by providing semantic 
cues (i.e., category name and semantic organization) at the time of presentation. 
The effect of semantic cues on retention ability was also examined by 
comparing the difference scores of short- and long delayed recalls between the 
random and blocked conditions respectively. The group (2) x delay (2) repeated 
measures ANOVA indicated that no significant difference was found in any main and 
interaction effects. Coupled with the above results of the difference scores in leaming 
trials, the present analysis reveals that the semantic organizational strategies facilitate 
10 
learning new verbal information for normal controls but not NPC patients, and with 
no better retention o f information for the former than the latter. 
Other leaming and memory scales 
A series of Mests was conducted to examine the participants' performance on 
the total scores of recall tasks, recall errors, recognition errors, and leaming strategies. 
In the random condition, the total leaming over the three immediate recall trials [r(48) 
= -5 .545 , ; ?< 0.001]and the total recall o f short- and long- delay recalls [ r (48 )= -
6.024,j^ < 0.001] were significantly different between groups. In the blocked 
condition, significant differences between groups were found in the total leaming 
over the three immediate recall trials [,(48) = - lAQ6,p < 0.001] , the total recall o f 
short- and long- delayed recalls [,(48) = - 7.532,j^ < 0.001], and the total cued recall 
[《48) = - 6.871,p < 0.001]. In both conditions, NPC patients had poorer 
performance than the normal controls (Figure 2). No significant group differences in 
both conditions at the 0.001 level were noted in recall errors, recognition errors and 
leaming strategies. The means and standard deviations of all the leaming and 
memory scales and subscales of the HKLLT are listed in Table 2 and Table 3. 
Receiver operating characteristics (ROC) analysis for test performance 
Test performance of the HKLLT and estimation of the optimal cutoffscore were 
assessed by using receiver operating characteristics (ROC) analysis (Hanley & 




























































































































































































































































learning and memory scales and subscales of the HKLLT with a conservative 
statistical significant level at P < 0.001 between group comparisons were selected for 
ROC analysis. Results of the ROC analysis revealed that the confidence intervals of 
AUC for all scales and subscales of the test did not include the 0.5 in both random 
and blocked conditions, suggesting significant discrimination o fNPC patients and 
normal controls by all the scales and subscales of the test. Detailed numerical results 
of the ROC analysis for the two conditions are presented in Table 4. 
Comparison of performance between random and blocked conditions 
As indicated by comparison of AUC, all the scales and subscales of the blocked 
condition had better performances than that of the corresponding scales and 
subscales ofthe random condition. However, no significant difference was found 
between the two conditions with respect to the performance of each scale or subscale, 
as no AUC of a scale or subscale in one condition lay outside the 95% confidence 
interval of another scale or subscale in the other condition. 
The observed AUCs followed strikingly similar patterns in each condition. In 
both conditions, the discrimination score achieved the best performance of the test, 
whereas the performance of trial 3 was not as good. Moreover, with the exception of 
the subscale oftotal cued recall, the subscales of total learning and total delayed 
recall appeared to have identical discriminant power, and they obtained slightly 
better discriminant power than their respective individual scales. 
Performance of random condition 
In the random condition, no significant difference among AUCs (C.I. ranging 

































































































































































































































































































































































































































































































































































































































































































































































































































































































the discriminant power of these scales and subscales was comparable with each other 
within the condition. In the present sample, the discrimination score had the largest 
AUC (0.874 土 0.049), indicating that it had the best discriminant power in 
distinguishing NPC patients from the normal controls. The optimal cutoff value for 
the discrimination score was < 62.50 % with corresponding sensitivity and 
specificity of 76% and 84%, respectively (Fig. 3). 
Moreover, as the second two largest AUCs, the discriminant power of the total 
learning (AUC = 0.868 土 0.048) with an optimal cutoffscore at < 17with 72 % 
sensitivity and 84% specificity was comparable with that of the total delayed recall 
(AUC 二 0.870 土 0.042) with an optimal cutoffscore at < 10 with 84% and 76% for 
its corresponding sensitivity and specificity (Fig. 4). In contrast, trial 3 had the 
lowest discriminant power (AUC = 0.813 土 0.059) of all scales and its optimal cutoff 
score was < 6 in this condition (Table 4). 
Performance ofblocked condition 
Like the random condition, the discriminant power among scales and subscales 
was comparable with each other, as there was no significant difference among AUCs 
(C.I. ranging from 0.724 — 1.00) of all the scales and subscales within the blocked 
condition. Similar results as those of the random condition were obtained in that 
discrimination score (AUC = .0937 土 0.033), total learning (AUC = 0.920 土 0.038), 
and total delayed recall (AUC = 0.929 土 0.035) were the three scales and subscales 
with the largest AUCs, and thus had the highest discriminant power between patients 


























































































































































































































































































































































































































































































optimal cutoff values wi th corresponding sensitivity and specificity for the 
discrimination score, total leaming , and total delayed recall were < 62.50 (80% / 
96%), < 19 (80% / 92%), and < 15 (92% / 88%), respectively (Table 4, Fig 3 & 4). 
Among the cued recall tasks, while the total cued recall had the second largest 
AUC (0.919 土 0.039) wi th an optimal cutoffscore at < 25 (84% / 88%) (Fig.3), the 
immediate cued recall had the smallest A U C (0.834 土 0.056) wi th in the blocked 
condition，indicating that its discriminant power in distinguishing patients from 
normal controls was relatively lower. 
Validi ty and rel iabi l i ty 
Based upon the findings of the memory profiles o fNPC patients (Table 2 & 3) 
and the ROC analysis for the scales and subscales (Table 4) in the foregoing sections, 
we proposed to parsimoniously select the total learning, total delayed recall, 
discrimination score, and total cued recall o f the H K L L T as the indexes for 
identifying memory impairments of the NPC patients. Figure 3 and Figure 4 show 
the results of the ROC analysis when these scales and subscales were compared 
between the random and blocked conditions. 
Discriminant validity and reliability 
A linear discriminant function analysis was performed to determine i f 
participants could be correctly classified as NPC patients or normal controls by the 
pattem oftheir performance on the scales and subscales of the HKLLT. The 




Subscales ofboth conditions are presented in Table 5. 
For the random condition, the scale of the discrimination score and subscales of 
total learning and total delayed recall were entered using the direct method and 
maintained in the discriminant function.. The canonical correlation was 0.69, which 
indicated a moderate correlation between the discriminant scores and group 
2 
membership. The discriminant function, with % (1) = 29.89,;? < .001, correctly 
classified 19 (76%) ofthe cases in the NPC group and 20 (80.0%) of the cases in the 
normal control group. Thus, the percentage of "grouped" cases correctly classified 
was moderately high, i.e., 78.0%. In addition, the internal consistency of the three 
proposed indexes (i.e., total immediate recall, total delayed recall, & discrimination 
score) was assessed. The test for all participants from both groups emerged as 
internally consistent with the Cronbach's alpha = 0.73 (Table 5). 
For the blocked condition, the same three indexes as those in the random 
condition were assessed. Results revealed that the discriminant validity and the 
reliability ofthe test were greatly enhanced. Discriminant analysis displayed a 
stronger canonical correlation of 0.78 between the discriminant scores and group 
membership. With ^ ^ (1) 二 44.02,^ < 0.001, the discriminant function correctly 
classified 22 (88.0%) ofthe cases in the NPC group and 23 (92.0%) ofthe cases in 
the normal control group. Hence, 90% of"grouped" cases was correctly classified. 
The blocked condition of the test for all participants yields a higher internal 
consistency with the Cronbach's alpha = 0.82 (Table 5). 
The discriminant validity and the reliability of the blocked condition in 




























































































































































































































































































































































































































































































recall was included in the analysis. A much stronger correlation between the 
discriminant scores and group membership was shown by the canonical correlation 
of 0.80. The discriminant function, wi th x ^ (1) = 46.12, p < 0.001, correctly 
classified 23 (92.0%) ofthe cases in the NPC group and 23 (92%) of the cases in the 
normal control group. As a whole, the percentage of "grouped" cases correctly 
classified was 92.0%. In addition, a very high internal consistency with the 
Cronbach's alpha = 0.90 was obtained (Table 5). 
Convergent validity 
The correlations between the proposed indexes of the HKLLT and the variables 
of the Chinese version of Logical Memory for the combined sample were ranging 
between .51 and .79 in the random condition, and between .64 and .80 in the blocked 
condition, respectively. These figures were all statistically significant {p < 0.001). In 
the random condition, the highest correction was between the total leaming of the 
HKLLT and the Logical Memory I I {r = .79), whereas the lowest correction was 
between the total delayed recall of the HKLLT and the Logical Memory I {r = .51). 
In the blocked condition, the highest correction was between the total cued recall of 
the HKLLT and the Logical Memory 11 {r = .80), whereas the lowest correlation was 
between the discrimination score of the HKLLT and the Logical Memory I I (r = .64). 








































































































































































































































































^ In the present study, both the random and blocked conditions of the HKLLT 
!^ 
were administered to 25 nasopharyngeal carcinoma (J^PC) patients with MRJ proven 
bilateral temporal lobe lesions and 25 matched normal controls. Results of the 
present study reveals that the HKLLT is a highly valid and reliable instrument for use 
in identifying memory impairments of the patients with bilateral temporal lobe 
lesions in the Hong Kong. High degrees of internal consistency were found for the 
random and blocked conditions ofthe test. The validity ofthe test was established by 
its high correlations with another established verbal learning and memory test, 
namely the Chinese version of Logical Memory modeled from that of the original 
WMS-R, as well as the test's ability to significantly discriminate between the patient 
and normal control groups. Using the proposed optimal cutoff scores, the sensitivity 
and specificity rates for both the random and blocked conditions are very satisfactory, 
suggesting that the HKLLT is a useful diagnostic instrument for identifying memory 
impairments of patients with temporal lobe lesions in Hong Kong. 
Three major findings of the present study are obtained. They may carry 
implications for the use of the HKLLT as a diagnostic instrument. First, the blocked 
condition of the test has better discriminant validity and reliability than that ofthe 
random condition in discriminating patients from normal controls. Second, subscales 
ofthe total learning and total delayed recall perform slightly better than their 
10 
( I 
individual scales, and as well as that of the discrimination score and total cuecl recall. 
Thus, these scales and subscales, together with their maximum products of sensitivity 
and specificity pair at optimal cutoff score are proposed for diagnostic use in the 
clinical setting. Third, our findings reveal that NPC patients with M R I proven 
bilateral temporal lobe lesions exhibited encoding and retention deficits in verbal 
learning and memory, which is consistent with the memory profile of patients with 
bilateral mesial temporal lobe damage. 
The clinical ut i l i ty of the blocked condition 
The findings of the present study indicate that the HKLLT is highly sensitive to 
the presence of memory impairment for NPC patients with bilateral temporal lobe 
lesions. The results unequivocally show that the reliability (i.e., Cronbach,s alpha 二 
0.90) and discriminant validity (canonical correlation = 0.80, correct classification of 
"grouped" cases = 92 % ) of the blocked condition are highly superior to those ofthe 
random condition in discriminating NPC patients from normal controls. Even 
without adding the subscale of total cued recall, the blocked condition still correctly 
classifies 12% more of"grouped" cases than the random condition. 
Without using the blocked condition in the assessment, however, the random 
condition ofthe HKLLT can also be used alone and is still a satisfactory instrument 
I with reasonably high reliability (i.e., Cronbach's alpha = 0.73) and discriminant 
validity (canonical correlation = 0.69, correct classification of"grouped" cases = 78 
o/o) in identifying the memory impairments ofNPC patients. As it is more time-
consuming (i.e., 45 minutes, excluding 10-minute and 20-minute delay intervals) to 
10 
丨 
administer both conditions, therefore, there may be a trade-offbetween efficiency 
and diagnostic accuracy of using either only one condition or both ones in a clinical 
i 
diagnosis. 
I In addition to its higher diagnostic accuracy and reliability, the blocked 
condition may also provide clinicians with potentially significant clinical information 
':l 
for memory intervention (Chan & Kwok, 1999). In addition to the identification of 
^ the nature of memory impairments (such as encoding, retention, or retrieval deficit), 
^ 
1 by comparing patients' performance between conditions, clinicians can not only 
\ differentiate memory disorders associated with temporal and frontal lobe damage, 
|:i 
i"| 
t.| but also evaluate the effectiveness of the external organizational cues (i.e., words 
semantically organized and presented in the blocked condition) as a memory 
I intervention for the patients. Consequently, we recommend that both the random and 
blocked conditions be used together to enhance the clinical util ity of the test in 
r'l 1 I !;; 





Optimal cutoff scores for sensitivity and specificity 
One ofthe major benefits of the use of ROC analysis is to obtain cutoff scores 
for use in making diagnostic classifications. In this study, findings o fROC analysis 
reveal that the optimal cutoff scores of scales and subscales ofthe HKLLT are as 
follows: total leaming < 17, total delayed recall < 10, and discrimination score < 
62.50 % in the random condition; and total leaming < 19, total delayed recall < 15, 
discrimination score < 62.50 %, and total cued recall < 25 in the blocked condition. It 
40 
is proposed that these optimal cutoff scores can be used for diagnostic purposes in 
identifying the memory impairments of patients with temporal lobe lesions. 
In the present study, the rates of sensitivity and specificity are quite satisfactory 
in both conditions (i.e., greater than 70 %). Moreover, rates of sensitivity and 
specificity in the blocked condition are better than that of the random condition. The 
rather high sensitivity (72 % - 92 %) and specificity (76 % - 96 %) rates ofboth 
conditions (total leaming, total delayed recall, discrimination score, and the total 
cued recall) may be due to the fact that the two groups of participants are very 
discrete. The clinical sample included patients with bilateral temporal lobe lesions, 
which produce global, material non-specific and multi-modal effects on memory 
impairments (Corkin, 1984; Milner, 1968). The magnitude of their memory 
impairments is greater than those observed following unilateral temporal lobe lesions 




丨 the present sample obtained very low scores on all scales and subscales of the 
|;. 
I HKLLT . For example, the NPC patient group obtained the mean score of total 
/ 
I 
leaming in the blocked condition o f l6 .88 ; on the other hand, the normal participants 
1 (• 
I had achieved a mean score of 31.76 of the same subscale. Based on our findings, we 
recommend that patients with temporal lobe lesions who obtained HKLLT scores 
lower than those corresponding optimal cutoff scores derived from ROC analysis 
I need to be further evaluated for counselling and rehabilitation services. 
丨： 
In the present study, since we consider the equal consequences for false positive 
and false negative rates, the measure of optimal cutoff scores was adopted according 
10 
:：/: 
to their maximum sum of the corresponding sensitivity / specificity pairs. We also 
chose the one with higher specificity when there was more than one optimal cutoff 
score for the same scale or subscale. However, it is argued that i f the risk or cost of 
"false positives" is far less than that of "false negatives", one should choose the 
optimally sensitive test rather than optimally speciflc test and vice versa (Galen & 
Gambino, 1975; McNeil, Varady, Burrows, & Adelstein, 1975). For example, i f a 
false-negative diagnosis hinders a patient's search for the cause of a potentially 
reversible organic mental disorder and is more dangerous than a false-positive result 
that leads to only unnecessary testing and patient anxiety, one should choose the 
optimally specific test rather than the optimally sensitive test. 
！ . 
Memory profiles o fNPC patients and its implications 
Another purpose of the present study was to examine the learning and memory 
profiles ofNPC patients with MRI proven bilateral temporal lobe lesions. Based 
upon the information processing model, the findings of the present sample suggest 
that NPC patients manifested encoding and retention deficits, and impairment in the 
recognition tasks. The impairment of total leaming across three learning trials 
revealed the prominent acquisition or encoding deficit in the NPC patients. Also, 
rapid rate of forgetting and impaired recognition discriminability indicated that a 
retrieval deficit is unlikely but rather there is a retention deficit of the patients. 
These findings ofthe present study are consistent with a number of previous 
studies that indicate that damage to bilateral mesial regions of the temporal lobe 
10 
would lead to memory impairments in the acquisition or encoding o f new 
information (Bederson et aL, 1990; Huppert & Piercy, 1979; Squire, 1981 Woo et al., 
1988); poor retention or rapid forgetting o f the acquired information (Hupper & 
Piercy, 1979; Squire, 1981), and poor recognition o f the information encountered 
previously (Reed & Squire，1997). 
Therefore, patients wi th mesial temporal lobe lesions resulting from other 
forms ofbrain damage, such as cerebral ischaemia (e.g., Cummings, Tomiyasu, Read, 
& Benson, 1984), anoxia (Zola-Morgan, Squire, Amaral, & Suzuki, 1989), herpes 
simplex encephalitis (Eslinger, Damasio, Damasio, & Butters, 1993), and 
Alzheimer's disease (Braak & Braak, 1991) are recommended for further studies on 
the clinical validity of the HKLLT so as to compare and contrast wi th findings ofthe 
present study. 
Furthermore, the analyses of the total number of words learned across the three 
learning trials in both the random and blocked conditions indicate that NPC patients 
leam fewer words than the normal controls, regardl ess of the random or organized 
presentation of the word-list. However, although NPC patients cannot learn as much 
information as the normal controls, their performance can be improved significantly 
with practice. These findings may provide insights in developing possible memory 
interventions, such as repeated practice, to facilitate the patient's encoding process in 
leaming new information. 
Semantic organization has been long regarded as a strategy to facilitate leaming 
and memory (Bower, 1972; Mandler, 1967; Moely, 1977; Wood, 1972). However, 
10 
our results of the difference scores between blocked and random conditions reveal 
that semantic organization seems to be not very effective in facilitating NPC patients 
leaming new verbal information. On the other hand, our findings appear to be 
consistent with a number of previous studies in that damage to bilateral medial 
temporal lobes results in the impaired leaming of newly and past acquired semantic 
knowledge (Gabrieli, Cohen, & Corkin, 1988; Kovner, Mattis, & Goldmeier, 1983). 
As contended by some investigators list learning is also mediated by semantic 
memory other than episodic memory (Burke & Light, 1981). In other words, the 
patients' impairment in leaming information from a word-list is attributed not only to 
the effectiveness of encoding or recalling the words, but also to the effectiveness of 
associating the words with that particular list. Therefore, impaired semantic 
knowledge resulting from bilateral temporal lobe lesions of the NPC patients may 
explain why they benefit less than the normal controls from the external semantic 
organizational cues in learning and memory. 
Consequently, it is further speculated that since the semantic knowledge or 
semantic organization ability of the NPC patients are compromised by their 
pathology, and the performance of these patients in the blocked condition wi l l be far 
lower than the normal controls who benefit significantly from the external 
organizational cues. This may be the underlying mechanism that can be used to 
explain why the blocked condition of the test has better discriminant power in 




There are three limitations of the present study. First, a point of caution is that 
the optimal cutoff scores for the respective scales and subscales of the HKLLT are 
derived from a sample consisting o fNPC patients with bilateral temporal lobe 
lesions and normal controls. Hence, the results might not generalize to patients with 
unilateral either right or left temporal lobe lesions. Indeed, bilateral damage to 
temporal lobes is material non-specific (Corkin, 1984; Milner, 1968), whereas 
unilateral damage to the temporal lobe is material specific. In general, damage to the 
left temporal lobe affects verbal learning and memory (e.g., Elger et al., 1997; 
Helmstaldter & Elger, 1996; Kilpatrick et al., 1997), whereas damage to the right 
temporal lobe causes deficits in visiioperceptual learning and spatial memory (e.g., 
Abrahams, Pickering, Polkety, & Morris, 1997; Giovagnoli, Casazza, & Avanzini, 
1995; Majdan, Sziklas, & Jones-Gotman, 1996). Therefore, further local studies on 
the reliability and validity of the test for differentiating the memory deficits between 
NPC patients with unilateral right and unilateral left temporal lobe lesions are 
recommended. 
The second limitation concerns the lesion site and size of the sample in the 
present study. An important study confirms that the nature and severity of memory 
impairment is dependent on the locus and extent of damage within the anatomical 
sites of the mesial temporal lobe (Rempel-Clower et al., 1996). Though the NPC 
patients with MRJ proven bilateral temporal lobe lesions were chosen for the present 
study, their exact lesion site and size are still pending analysis during the 
10 
丨. i  
preparation of this study. Further studies should be conducted to examine the 
correlation between the clinical validity of the HKLLT and the locus and extent of 
the mesial temporal lobe lesions. 
The third limitation is the relatively small sample size of this study, which did 
not allow simultaneously examining of possible interactions of variables, such as age, 
education level, occupation and gender, with learning and memory scales and 
subscales. Calculation of ROC for different scales and subscales of the HKLLT with 
different samples of socio-demogrpahic characteristics might provide more accurate 
performance of the assessment instrument for different subgroups of clinical 
populations This procedure could not be carried out in the present study due to 
limitations of sample size. Indeed, it was not the focus of the present study. However, 
it deserves further study. Ideally, a larger sample of NPC patients and normal 
controls would be desirable. 
Conclusions 
Despite the above limitations, the current study represents an important initial 
validation ofthe HKLLT employed specifically for identifying memory impairments 
ofNPC patients with bilateral temporal lobe lesions after radiotherapy. As a newly 
developed Chinese memory test for verbal learning and memory, the HKLLT 
demonstrates its discriminating ability in identifying not only the presence of 
memory impairments for the patients with bilateral temporal lobe lesions, but also 




Both the results of ROC analysis and discriminant analysis indicate that the 
HKLLT is a highly valid and reliable instrument for identifying patients with 
temporal lobe amnesia. By using ROC analysis, test performance of individual scales 
and subscales of the HKLLT was examined and optimal cutoff scores o f total 
leaming, total delayed recall, discrimination score and total cued recall wi th their 
corresponding maximum product of sensitivity / specificity pairs were proposed for 
clinical use. 
In addition, results of discriminant analysis indicated that the overall levels of 
correct classification for their respective NPC patient and normal control group 
memberships of the whole sample were 92% in the blocked condition and 78% in the 
random condition, respectively. It was concluded that the blocked condition of the 
HKLLT rather than the random one had overall better performances. Nonetheless, 
both conditions of the test were recommended for use together to enhance the clinical 
utility of the HKLLT in clinical diagnosis. 
As the success of any intervention and rehabilitation for memory impairments 
depends very much on the early detection and diagnosis, the identification of 
memory impairments ofNPC patients with the HKLLT can thus be facilitated by the 
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Appendix U The Standard Technique of Radiotherapy for NPC 
麵 
Patients are irradiated with the standard technique, 
which consists of two lateral-opposed facial fields 





Appendix m Hong Kong List Leaming Test (HKLLT) - Record Form 
Form 1 ORandom Condition) 
Record Form 記錄表 
Form 1 (Random Condition)表一iMMM^) 
(丁「丨311)(第一回） _ — = 
，我書讓一些詞語緒你聽，請你證!5^彳|它們。當我讀32後，請你告訴我你記得的詞語，次^^个妄?2 , l^Bc 
得多/工\厘多少。丨^^有沒有問題呢？沒有便開始。」 
(1>丨3丨2&3)(第二及第三回） — _ _ —_ 
「我會搭那；^詞語巨讀多—次給你聽，請彳巧邑量記任$'巧，讓完；^後，請你告訴我所有你記得的詞語，還同 
你副說給我聽3诉6些都請吾說一次，次序不要緊’預|焉=?曼開始。」 
“ Trial 1 Trial 2 Triai 3 
第一回 第二回 第三^! • 




属 工 • 
mB A ^ 
预子 Y — . 
1 趕女 A _^ 
寮 國 • ^ 
黃沮• . [ 
智利令 ’ — ^ 




. 洋 悪 • L 
i^苦 ! t麼万法K助你 lc檍以上的詞語9 
10 
(T巾 I 4, 1 Q-minute delay 陀call) (第四固，十女士鐘後U~)



















(Trial 5, 30-minute delay recall) (第五口，三十分鐘後口述)






祖fBû. 言:噎 O 泡菜 NSR 
畫壇 O DO子 O 印度 O 
印達三 φ 地望: NR 表童話 NSR 
鏡子 O 衣架 NSR 游水 N 
瑞士。 明~(之γ-t.b也l.. O 這子 O 
?這1+1 6 狐逗 N 。ι己同午ι三 N 
DOτ于 V 日口 L NR 這已 O 
定女 A O mTL-J-J-- O 
寮!盒。 寮 (蜀 O 火歪 N 
熹 i.b.\ T 秋天 N 說豆 NR 
奎利。 荷蘭 NR 衣!盧 O 
主臭罵 A 程已 O 介采 O 
電燈 O 臼尼 NSR 暴風 N 
芥菜 V 表馬 O /、 -←ι ，zE=L=J=、 O 
衣種 O 至高船 N 黃瓜 O 




Appendix N Hong Kong List Leaming Test O f f i LLT) - Record Form 
Form 2 fBlocked Condition) 
Form 2 (Blocked Condition)表二 (組鍵詞句) 
(丁—311)(第一回） 






(Triai 4，cued recall 1)(第四回’提示口述一） 
「_告訴我^^幾丨固和娠飾有關的詞1,。皿^告訴我部幾,〒=管契^關的誇,。 
_告訴钱部幾.固和花杂有關的詰語。請8訴我那幾语冗运業有闋的詞語。」 
Trial 1 Trial 2 TriaI 3 Triai 4 
第-回 第二回 苐三回 第四回 
長 這 A 
^ 1 A 湿 
A g A 卽 
手 言 A 
c= \iZ • 
C:^ C3: • 一 — 
歌劇• H Z Z Z Z Z Z Z Z Z Z Z I Z Z Z Z Z Z Z Z I 音 
• v c v ‘ " • ~ " ~ " " ~ ~ " — " ~ ~ ~ " ~ " ~ " — ~ « ~ ~ 
養 奏 • 矢 
•聖宾• - • - • . • --
^ B 〇 ~ _ J -
涯棠〇 g 
劍 間 〇 ~ ~ 杂 
MTE Q 一 
校 長 T . ~ ~ 
~~徨師• m z i r z z z z z z z z z z z z z i 运 
I I ‘ ^ 
•_ 工 人 • g - 宗 
I 三{^ T " I I 
10 
‘ 
« 一 _ 
(Trial 5 ' lO-minute delay recall)(第五[^ ,十分這後口述） 
' l : r ^ l i l - " : i I i l S ^ i ^ I ^ ’ ^ E ! i ! ^ 3 l ^ ^ ^ ^ ! g ! l l t T . l S ^ . 
(Trial 6，cued recall 2)(第六回，提示口述二） 
_請3訴我部幾屆和限節有關的詞語。請吉訴我那幾‘藍冗吾樂有；1卩的詞語。 
請告訴我部幾_和花杂育關的詞語。譆告訴我那幾:1〒[]蜜業有_的詞語。」 
Trial 5 Trial 6 
第五回 苐六回 
長 遭 A 
E l A -
入 衣 A — 師 
手 言 A 
= | 2畚 
U-\J O U i r f • _ ^ ^ _ ^ ^ ^ _ _ ^ ^ ^ ^ ^ ^ _ _ « « « ^ ^ ^ ^ ^ _ » ^ « « « — ^ ^ 歌剗• 吾 zzzzzzzzzzz 
. — — - - — — - — — — — — — ^ ^ - < ^ c < / . “ 
獨 奏 • 矢 
聖 樂 • 
^ f ^ 〇 一 
海棠〇 花 
劍闘〇 . 1- 一 杂 
蓬花〇 
校 長 • 
筐師• m z z z z z z z z 装““ i i m z z i z z z i 
• • • • • • • •丨丨‘ “ I ‘ “ ‘ ‘ ^ ^ ~ ~ ~ ~ " " — ~ ~ " - ~ ~ ' ~ ~ " ^ ' — ~ ~ " " ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ 
工 入 • 丢 
E E • L Z Z Z Z I Z Z Z Z Z Z Z 
(Trial 7，30-minute deIay recall)(第七回，三十分鐘後口述） 
「_才我讀過十六11詞語給你聽’現茌譆你告訴我那些11語是什麼？ j 






Trial 7 Trial 8 Recognition 
第七回 第八回 别認 
額 A 一子丨滅 N | 劍 闋 0 
巨澴 A 服 一長項 〇 悔花 NSR “ 
大衣 A 飾 — _ _ 〇 ~"1樂 0 
手 _ A 公厘 N 海 窝 “ 0 
- 民 護 • — 手雪 〇 m^^ N 
- 歌 劍 • — ^ . gTf: 0 社 _ NR -
灣 昊 • ^ ‘？二；； N 合唱 NR ~ 
聖 樂 • 護二 NR ^1¾ 〇 
<IR Q 一 _ 结 NR flg^ ~ ~ 0 ~ ~ 
海某〇 ^ 二人 〇 須 石 ― N 
劍 , 〇 朵 火妄 "““N““ •花 0 
• 5 Q 校長 〇 g | i 0 
校 長 • :^f^ ~~NSR 三丨三 〇 
攝 節 • ^ 7 ; g 〇 毛菱 N -
工 人 • ^ S ^ NSR 百環 0 
S E • T^:3^_ N 宣人 NSR 
67 
^;
^^
;;
^^
^y
^^
>
^^
^^
^^
^^
M
^^
M
ii
if
e
^w
*^
>
^^
^>
^^
*^
k^
^^
^^
^^
M
^^
e
i;
^^
g
"|
.'
- 
•• -
 “
“ 
t\m
m
^^
^m
 
i 
^nD ^
 _ 
E
 ^Hq 
E
 J
h.
 :-_
 e 
E
 ^1 
E
 ^13 ^^^^ti^
 s 
.
 iij-,,
 !;i
 =.n,1
 1
 
一
 )1J!>1i
 ‘
 1.132,1
 J«PH]
 -i^
 IHS^IMMi,
 ^i^i^-i,i^m
 iis^ii^^l^^^irtiipi^-MyHll^
 w..o4^*
 SM1fl““^ 
